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©  Polyamide  resins. 
  Polyamides  containing  free  amino  groups  and  suitable 
for  use  as  curing  agents  for  polyepoxy  compounds  are 
derived  from  (a)  a  polybasic  acid  component  comprising 
polymeric  fatty  acid  together  with  from  10  to  90  mole  %, 
based  on  the  total  acid  component,  of  one  or  more  aromatic 
dicarboxylic  acids  containing  two  carboxylic  acid  groups  and 
one  benzene  ring,  each  carboxylic  acid  group  being  directly 
linked  to  a  benzene  ring,  and  (b)  a  polyamine  component 
containing  at  least  50  mole  %  of  one  or  more  aliphatic 
polyamines  containing  at  least  three  amino  groups  per 
molecule. 

Cured  resinous  composition  may  be  prepared  by  react- 
ing  the  polyamides  with  polyepoxy  compounds  and  curable 
composition  contain  the  polyamides  together  with 
polyepoxy  compounds. 



T h i s   i n v e n t i o n   is   c o n c e r n e d   w i t h   i m p r o v e m e n t s   in   a n d  

r e l a t i n g   to   p o l y a m i d e   r e s i n s .   M o r e  p a r t i c u l a r l y ,   t h e  

i n v e n t i o n   i s   c o n c e r n e d   w i t h   p o l y a m i d e   r e s i n s   c o n t a i n i n g  

f r e e   ( n o n - a m i d i f e d )   amino   g r o u p s   and  w h i c h   a r e   s u i t a b l e  

f o r   u s e   as  c u r i n g   a g e n t s   f o r   p o l y e p o x y   c o m p o u n d s  

( s o - c a l l e d   " e p o x y   r e s i n s " ) .  

The  u s e   of  p o l y a m i d e   r e s i n s   c o n t a i n i n g   f r e e   a m i n o  

g r o u p s   as  c u r i n g   a g e n t s   f o r   p o l y e p o x y   c o m p o u n d s   i s   w e l l  

e s t a b l i s h e d .   Thus   s u c h   p o l y a m i d e s   d e r i v e d   f r o m   t h e  

p o l y c o n d e n s a t i o n   of  p o l y m e r i c   f a t t y   a c i d s   and  a l i p h a t i c  

p o l y a m i n e s   a r e   d i s c o s e d   in  U n i t e d   S t a t e s   P a t e n t   N o .  

2 4 3 0 9 4 0   and  c o m p o s i t i o n s   c o m p r i s i n g   p o l y e p o x y   c o m p o u n d s  

t o g e t h e r   w i t h   s u c h   p o l y a m i d e s   a r e   d i s c l o s e d   in   U n i t e d  

S t a t e s   P a t e n t   No.  2 7 0 5 2 2 3   and  B r i t i s h   P a t e n t  

S p e c i f i c a t i o n   No.  7 2 6 5 7 0 .   P o l y a m i d e   c u r i n g   a g e n t s  

d e r i v e d   f r o m   p o l y m e r i c   f a t t y   a c i d s   and  a l i p h a t i c  

p o l y a m i n e s   a r e   c o m m e r c i a l l y   a v a i l a b l e   u n d e r   t h e   t r a d e  

name  " V e r s a m i d " .   b e i n g   m a n u f a c t u r e d   in  t h e   U n i t e d  

K i n g d o m   by  C r a y   V a l l e y   P r o d u c t s   L i m i t e d   and  in  t h e  

U n i t e d   S t a t e s   of  A m e r i c a   by  H e n k e l   C o r p o r a t i o n   o f  

A m e r i c a   ( f o r m e r l y   G e n e r a l   M i l l s ) .  



P o l y a m i d e   c u r i n g   a g e n t s   r e a c t   w i t h   p o l y e p o x y  

c o m p o u n d s   to   f o r m   c u r e d   s y s t e m s   by  r e a c t i o n   of  f r e e  

a m i n o   g r o u p s   of  t h e   p o l y a m i d e   w i t h   e p o x y   g r o u p s   of  t h e  

p o l y e p o x y   c o m p o u n d ,   l e a d i n g   to  g r a d u a l   c r o s s - l i n k i n g   a n d  

i n s o l u b i l i s a t i o n   of  t h e   s y s t e m .   At  a m b i e n t  

t e m p e r a t u r e ,   r e a c t i o n   t a k e s   p l a c e   o v e r   a  p e r i o d   of  t i m e  

d e p e n d i n g   on  t h e   n a t u r e   of  t h e   p o l y a m i d e   c u r i n g   a g e n t  

and  t h e   p o l y e p o x i d e   c o m p o u n d   and  t h e   r a t i o   of  p o l y a m i d e  

to  p o l y e p o x y   c o m p o u n d .   The  a p p l i c a t i o n   of  h e a t  

a c c e l e r a t e s   t h e   r e a c t i o n .  

P o l y e p o x i d e   c o m p o u n d / p o l y a m i d e   c u r i n g   a g e n t   s y s t e m s  

a r e   w i d e l y   u s e d   in   t h e   s u r f a c e   c o a t i n g s   a r t .   T h e  

o u t s t a n d i n g   t o u g h n e s s ,   c h e m i c a l   r e s i s t a n c e   and  c o r r o s i o n  

r e s i s t a n c e   of  c o a t i n g s   b a s e d   on  s u c h   s y s t e m s   c o u p l e d  

w i t h   t h e i r   e x c e l l e n t   a d h e s i o n   to  a  v a r i e t y   of  s u b s t r a t e s  

make  t h e m   i d e a l   f o r   h e a v y   d u t y   m a i n t e n a n c e   c o a t i n g s .  

H o w e v e r ,   when  u s e d   i n   c o m b i n a t i o n   w i t h   some  t y p e s   o f  

e p o x y   r e s i n s ,   p r e f e r a b l y   a v a i l a b l e   p o l y a m i d e s   a r e   l e s s  

t h a n   s a t i s f a c t o r y .   T h u s ,   d r y i n g   t i m e s   may  be  e x t r e m e l y  

I l ong   and  s u r f a c e   d e f e c t s   s u c h   as  r e s i d u a l   t a c k i n e s s ,  

b l o o m i n g ,   c i s s i n g   or  r i v e l l i n g   may  be  a p p a r e n t ,  

e s p e c i a l l y   u n d e r   a d v e r s e   c o n d i t i o n s   s u c h   as  l o w  

t e m p e r a t u r e   a n d / o r   h i g h   h u m i d i t y .   In  o r d e r   to  o v e r c o m e  

s u c h   p r o b l e m s   i t   has   b e e n   p r o p o s e d   to  p r e - a g e   t h e  

S p o l y a m i d e / e p o x y   r e s i n   mix  b e f o r e   u s e   or  to  u se   a  



p o l y a m i d e / e p o x y   r e s i n   a d d u c t   i n  p l a c e   of  t h e   p o l y a m i d e  

c u r i n g   a g e n t ;   as  d i s c l o s e d ,   f o r   e x a m p l e ,   in  B r i t i s h  

P a t e n t   No.  988  4 8 4 .  

I t   has  now  been   f o u n d ,   i n  a c c o r d a n c e   w i t h   t h e  

p r e s e n t   i n v e n t i o n ,   t h a t   c e r t a i n   p o l y a m i d e s   d e r i v e d   f r o m  

c e r t a i n   a r o m a t i c   p o l y b a s i c   c a r b o x y l i c   a c i d s   a n d  

p o l y m e r i c  f a t t y  a c i d s   a r e   u s e f u l   c u r i n g   a g e n t s   f o r  

p o l y e p o x y   c o m p o u n d s   and  p o s s e s s ,   i n t e r   a l i a ,   t h e  

a d v a n t a g e s   t h a t   t h e y   can  g i v e   s y s t e m s   w h i c h   h a v e   s h o r t e r  

d r y i n g   t i m e s   t h a n   the   p o l y a m i d e   c u r i n g   a g e n t s   d i s c u s s e d  

a b o v e ,   and  g i v e   p r o d u c t s   f r e e   f r o m   s u r f a c e   d e f e c t s   a s  

d i s c u s s e d   a b o v e .  

A c c o r d i n g   to  t h e  i n v e n t i o n ,   t h e r e f o r e ,   t h e r e   i s  

p r o v i d e d   a  p o l y a m i d e   c o n t a i n i n g   f r e e   amino  g r o u p s   a n d  

s u i t a b l e   f o r   use   as  a  c u r i n g   a g e n t   f o r   p o l y e p o x y  

c o m p o u n d s   w h i c h   p o l y a m i d e   is  d e r i v e d   f r o m  

(a)  a  p o l y b a s i c   a c i d   c o m p o n e n t   c o n t a i n i n g   a  p o l y m e r i c  

f a t t y  a c i d   t o g e t h e r   w i t h   f rom  10  to  90  mole   %, 

p r e f e r a b l y   f rom  20  to  80  mole   %,  b a s e d   o n  t h e   t o t a l  

of  t he   p o l y b a s i c   a c i d   c o m p o n e n t ,  o f   o n e  o r   m o r e  

a r o m a t i c   d i c a r b o x y l i c   a c i d s ;  a n d  

(b)  a  p o l y a m i n e   c o m p o n e n t   c o n t a i n i n g  a t   l e a s t   50  mole  1 

of  one  or  more  a l i p h a t i c   p o l y a m i n e s   c o n t a i n i n g   a t  

l e a s t   t h r e e  a m i n o   g r o u p s   per   m o l e c u l e  



P o l y m e r i c   f a t t y   a c i d s   f o r   u s e   in   a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   a r e   w e l l - k n o w n   and  a r e   o b t a i n e d   by  t h e  

p o l y m e r i z a t i o n   of  u n s a t u r a t e d   l o n g   c h a i n   f a t t y   a c i d s   a s  

d e s c r i b e d ,   f o r   e x a m p l e ,   in  "The  C h e m i s t r y   of  O r g a n i c  

F i l m   F o r m e r s " ,   D.H.  S o l o m o n ,   K r i e g e r   1977 ,   a t   p a g e s   69 

and  70.   The  p o l y m e r i z a t i o n   p r o d u c t s   c o n s i s t   l a r g e l y   o f  

d i m e r s   ( a n d   h e n c e   a r e   o f t e n   r e f e r r e d   to  as  " d i m e r  

a c i d s " )   t o g e t h e r   w i t h   s m a l l e r   a m o u n t s   or  t r i m e r s   a n d  

h i g h e r   o l i g o m e r s .   P o l y m e r i c   f a t t y   a c i d s   ( d i m e r   a c i d s )  

a r e   c o m m e r c i a l l y   a v a i l a b l e ,   f o r   e x a m p l e   u n d e r   t h e   t r a d e  

names   " C r a y m e r "   ( C r a y   V a l l e y   P r o d u c t s   L t d . )   a n d  

" E m p o l / P r i p o l "   ( U n i c h e m a ) .  

A r o m a t i c   d i c a r b o x y l i c   a c i d s   f o r   u se   in   a c c o r d a n c e  

w i t h   t h e   i n v e n t i o n   a r e   t h o s e   c o n t a i n i n g   two  c a r b o x y l i c  

a c i d   g r o u p s   and  a t   l e a s t   one  b e n z e n e   r i n g ,   e a c h  

c a r b o x y l i c   a c i d   g r o u p   b e i n g   d i r e c t l y   l i n k e d   to  a  b e n z e n e  

r i n g .   Where   t he   a c i d   c o n t a i n s   two  b e n z e n e   r i n g s   t h e s e  

may  be  d i r e c t l y   l i n k e d   to  e a c h   o t h e r   or  v i a   t h e  

i n t e r m e d i a r y   of  a  s h o r t   l e n g t h   l i n k i n g   g r o u p   s u c h   as  a n  

o x y g e n   a t o m   or  m e t h y l e n e   g r o u p .   P a r t i c u l a r   e x a m p l e s   o f  

a r o m a t i c   d i c a r b o x y l i c   a c i d s   w h i c h   may  be  u s e d   i n c l u d e  

i s o p h t h a l i c   a c i d ,   t e r e p h t h a l i c   a c i d ,   d i p h e n i c   a c i d  

( d i p h e n y l   2 , 2 ' - d i c a r b o x y l i c   a c i d ) ,   and  d i p h e n y l  

e t h e r - 4 . 4 ' - d i c a r b o x y l i c   a c i d .  

In  a d d i t i o n   to  t h e   p o l y m e r i c   f a t t y   a c i d   and  a r o m a t i c  

d i c a r b o x y l i c   a c i d s ,   t h e   a c i d   c o m p o n e n t   may  c o n t a i n   m i n o r  



a m o u n t s   of  m o n o c a r b o x y l i c   a c i d s   to  c o n t r o l   t h e   m o l e c u l a r  

w e i g h t   of  t h e   p o l y a m i d e .   E x a m p l e s   of  s u c h  

m o n o - f u n c t i o n a l   a c i d s   a r e  m o n o c a r b o x y l i c   a l i p h a t i c   a c i d s  

s u c h   as  a c e t i c   a c i d ,   p r o p i o n i c   a c i d .  i s o b u t y r i c   a c i d   a n d  

long   c h a i n   f a t t y  a c i d s ;   a n d  a r o m a t i c   m o n o c a r b o x y l i c  

a c i d s   s u c h   as  b e n z o i c   a c i d  a n d   b u t y l   b e n z o i c   a c i d .  

The  a c i d   c o m p o n e n t   may  a l s o   c o n t a i n   a l i p h a t i c  

d i c a r b o x y l i c   a c i d s   s u c h   as  a d i p i c   a c i d ,   p i m e l i c   a c i d ,  

a z e l a i c   a c i d ,   s e b a c i d   a c i d   d o d e c a n e   d i o i c  a c i d   and  W e s t  

Vacco   d i - a c i d   (a  C21  d i c a r b o x y l i c   a c i d   p r e p a r e d  b y   t h e  

a d d i t i o n   of  a s c r y l i c   a c i d   to  c o n j u g a t e d   l i n o l e i c   a c i d ) .  

In  a d d i t i o n ,   t he   a c i d   c o m p o n e n t   may  c o n t a i n ,   m i n o r  

a m o u n t s   of  a n h y d r i d e s   s u c h   as  m a l e i n i s e d   f a t t y   a c i d s ,  

p h t h a l i c   a n h y d r i d e ,   t r i m e l l i t i c   a n h y d r i d e ,   p y r o m e l l i t i c  

d i - a n h y d r i d e   and  d o - d e c e n y l   s u c c i n i c   a n h y d r i d e .  

In  any  e v e n t ,   h o w e v e r ,   t he   a c i d   c o m p o n e n t   s h o u l d  

c o n t a i n   a t   l e a s t   10  mole  %  of  p o l y m e r i c   f a t t y   a c i d ,  

p r e f e r a b l y   at   l e a s t   30  mole  %  t h e r e o f .  

P r e f e r r e d   a l i p h a t i c  p o l y a m i n e s   f o r  u s e   i n  t h e  

i n v e n t i o n   a r e   t h o s e   of  the   f o r m u l a :  

in  w h i c h   R  is   an  a l k y l e n e   r a d i c a l ,   e s p e c i a l l y   a 



m e t h y l e n e   r a d i c a l .   a n d  n   is   an  i n t e g e r   of  f r o m   1  to   6 .  

E x a m p l e s   of  s u c h   a m i n e s   i n c l u d e   d i e t h y l e n e   t r i a m i n e ,  

t r i e t h y l e n e   t e t r a m i n e .   t e t r a e t h y l e n e   p e n t a m i n e .  

p e n t a e t h y l e n e - h e x a m i n e ,   d i - 1 . 3 - p r o p a n e   t r i a m i n e ,   t r i - 1 ,  

3 - p r o p a n e   t e t r a m i n e ,   d i - 1 . 2 - p r o p a n e   t r i a m i n e   and  t h e  

l i k e .   The  p o l y a m i n e   c o m p o n e n t   may  c o n s i s t . o n l y   s u c h   o f  

s u c h   p o l y a m i n e s   or  may  c o m p r i s e   o t h e r   p o l y a m i n e s ,   f o r  

e x a m p l e   a l p h a - o m e g a   a l i p h a t i c   d i a m i n e s   ( s u c h   as  e t h y l e n e  

d i a m i n e ,   p r o p y l e n e   d i a m i n e ,   t e t r a m e t h y l e n e   d i a m i n e   a n d  

h e x a m e t h y l e n e   d i a m i n e ) ;   and  c y c l o a l i p h a t i c   d i a m i n e s  

s u c h   as  1 , 4 - d i a m i n o - m e t h y l -   c y c l o h e x a n e   and  i s o p h o r o n e  

d i a m i n e .  

The  a m i n e   c o m p o u n d   may  a l s o   c o n t a i n ,   in  o r d e r   t o  

c o n t r o l   m o l e c u l a r   w e i g h t ,   m i n o r   a m o u n t s   of  m o n o a m i n e s  

s u c h   as  f a t t y   a m i n e s ,   p r o p y l a m i n e   and  b u t y l a m i n e .  

The  p o l y a m i d e s   of  t h e   i n v e n t i o n   a r e   p r o d u c e d   b y  

p o l y c o n d e n s a t i o n   of  an  a p p r o p r i a t e   p o l y b a s i c   a c i d  

c o m p o n e n t   w i t h   an  a p p r o p r i a t e   p o l y a m i n e   c o m p o n e n t .   T h e  

p o l y c o n d e n s a t i o n   i s   c a r r i e d   ou t   u n d e r   c o n d i t i o n s  

c o n v e n t i o n a l   f o r   t h e   p r o d u c t i o n   of  p o l y a m i d e s ,   f o r  

e x a m p l e   a t   t e m p e r a t u r e s   of  f r o m   200  to  280°C ,   p r e f e r a b l y  

f rom  230  to   2 5 0 ° C ,   and  u n d e r   c o n d i t i o n s   s u c h   t h a t   w a t e r  

e v o l v e d   d u r i n g   t h e   c o u r s e   of  t h e   p o l y c o n d e n s a t i o n   may  b e  

r e m o v e d   f r o m   t h e   r e a c t i o n   m i x t u r e .   ( I n   t h i s   c o n n e c t i o n  

i t   may  be  n o t e d   t h a t   in   some  c a s e s   t he   p o l y b a s i c   a c i d  



c o m p o n e n t   may  c o m p r i s e ,   a t   l e a s t   in  p a r t ,   l o w e r   a l k y l  

e s t e r s   of  t he   a c i d s   f rom  w h i c h   t h e   p o l y a m i d e   i s  

d e r i v e d .   In  t h i s   c a s e   p o l y c o n d e n s a t i o n   s h o u l d ,   o f  

c o u r s e ,   be  c a r r i e d   o u t   u n d e r   c o n d i t i o n s   s u c h   t h a t   t h e  

l o w e r   a l c o h o l   f o r m e d   d u r i n g   t h e   c o u r s e   of  t h e  

c o n d e n s a t i o n   is  r e m o v e d   f r o m   t h e   r e a c t i o n   m e d i u m .   As 

w i l l   be  a p p r e c i a t e d ,   in  p r i n c i p l e   a  p o l y a m i d e   d e r i v e d  

f rom  an  e s t e r   of  an  p o l y c a r b o x y l i c   a c i d   is   t h e   same  a s  

one  d e r i v e d   f rom  the   a c i d   pe r   s e .  

The  p o l y c o n d e n s a t i o n   r e a c t i o n   m a y  b e   c a r r i e d   out   b y  

c h a r g i n g   a l l   t he   i n g r e d i e n t s   to  a  s u i t a b l e   r e a c t o r   o r  

may  be  c a r r i e d   out   by  a d d i n g   t h e   r e a c t a n t s   in  s t a g e s   t o  

t he   r e a c t o r .  

The  p o l y c o n d e n s a t i o n   w i l l   g e n e r a l l y   be  c a r r i e d   o u t  

u s i n g   an  e x c e s s   of  amino   g r o u p s   o v e r   c a r b o x y l i c   a c i d  

g r o u p s   and  the   r e s u l t i n g   p o l y a m i d e .  = t h e   p o l y a m i d e   of  t h e  

i n v e n t i o n ,   s u i t a b l y   has   an  a m i n e   v a l u e   of  f rom  1 0 0 - 4 0 0  

mgKOH/g,  p r e f e r a b l y   f rom  1 5 0 - 3 5 0   mgKOH/g.  P r e f e r a b l y  

t h e  a c i d   v a l u e   o f  t h e   p o l y a m i d e   is  f rom  0  -   20  mgKOH/g .  

The  p o l y a m i d e s   o f  t h e   i n v e n t i o n   r a n g e   f rom  b a l s a m -  

l i k e   m a t e r i a l s   to  h a r d   r e s i n o u s   m a t e r i a l s   h a v i n g   m e l t i n g  

p o i n t s   in  t he   r a n g e   of  6 0 - 1 5 0 ° C   d e p e n d i n g   on  t he   a m o u n t  

of  a r o m a t i c   a c i d   e m p l o y e d   and  t he   n a t u r e   and  amoun t   o f  

amine   e m p l o y e d .   In  g e n e r a l ,   t h e   l o w e r   m e l t i n g   p o i n t  



p r o d u c t s   a r e   s o l u b l e   in   s o l v e n t s   s u c h   as  x y l o l   w h i l s t  

t h e  h i g h e r   m e l t i n g   p o i n t   p r o d u c t s   d i s p l a y   s o l u b i l i t y   i n  

a l i p h a t i c   a l c o h o l s ,   s u c h   as  e t h a n o l ,   p r o p a n o l   o r  

b u t a n o l ,   or  m i x t u r e s   t h e r e o f   w i t h   x y l o l .   D i s s o l u t i o n   o f  

t h e   p o l y a m i d e   in  t h e   s o l v e n t   may  be  a c c o m p l i s h e d   b y  

e i t h e r   c o l d   c h u r n i n g   or  by  r e f l u x i n g   t h e   r e s i n / s o l v e n t  

m i x t u r e .  

As  n o t e d   a b o v e ,   t h e   p o l y a m i d e s   of  t h e   i n v e n t i o n   a r e  

s u i t a b l e   f o r   u s e   as  c u r i n g   a g e n t s   f o r   p o l y e p o x y  

c o m p o u n d s .  

T h u s ,   a  f u r t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n   p r o v i d e s  

a  p r o c e s s   f o r   t h e   p r o d u c t i o n   of  a  c u r e d   r e s i n o u s   p r o d u c t  

w h i c h   c o m p r i s e s   r e a c t i n g   a  p o l y a m i d e   in   a c c o r d a n c e   w i t h  

t h e   i n v e n t i o n   w i t h   a  p o l y e p o x y  c o m p o u n d .   F u r t h e r ,   t h e  

i n v e n t i o n   p r o v i d e s   c u r a b l e   c o m p o s i t i o n s   c o m p r i s i n g  

p o l y a m i d e   of  t h e   i n v e n t i o n   t o g e t h e r   w i t h   a  p o l y e p o x i d e  

c o m p o u n d .   I n  t h i s   l a t t e r   c o n n e c t i o n   i t   w i l l ,   of  c o u r s e ,  

be  u n d e r s t o o d   t h a t   s u c h   c o m p o s i t i o n s   w i l l   t e n d   to  r e a c t  

and   w i l l   h e n c e   be  m a r k e t e d   in   t h e   f o r m   of   t w o - p a r t  

p a c k s ,   one   p a r t   c o n t a i n i n g   t h e   c u r i n g   a g e n t   ( p o l y a m i d e  

r e s i n )   and   t h e   o t h e r   c o n t a i n i n g   t he   p o l y e p o x i d e   c o m p o u n d .  

The  p o l y a m i d e s   of  t h e   i n v e n t i o n   may  be  u s e d   to  c u r e  

a  w i d e   v a r i e t y   of  p o l y e p o x y   c o m p o u n d s .   T h u s ,   f o r   a  

g e n e r a l   r e v i e w   of  p o l y e p o x y   c o m p o u n d s   r e f e r e n c e   may  b e  



made  to  " H a n d b o o k   of  E p o x y  R e s i n s " .   Lee  and  N e v i l l e ,  

M c G r a w - H i l l ,   1967 ,   C h a p t e r s  1 - 3   and  " E n c y c l o p e d i a   o f  

P o l y m e r   S c i e n c e   and  T e c h n o l o g y " ,   Mark  and  G a y l o r d .  

I n t e r s c i e n c e   P u b l i s h e r s ,   1967,   p a g e s   2 0 9 - 2 7 0  -   " E p o x y  

R e s i n s " .  

Thus  by  way  of  e x a m p l e   the   p o l y a m i d e   c u r i n g   a g e n t s  

of  the   i n v e n t i o n   may  be  u sed   in  the   c u r i n g   of  p o l y e p o x y  

c o m p o u n d s   d e r i v e d  f r o m   b i s p h e n o l s ,   e s p e c i a l l y  

b i s p h e n o l - A .   such   a s  t h o s e   s o l d  u n d e r   the   t r a d e   n a m e s  

E p i k o t e   828  and  1001  ( S h e l l )   a n d  D . E . R .   334  ( D o w ) .  

S i m i l a r l y   t he   p o l y a m i d e s   may  b e  u s e d   to  c u r e  

h y d r o g e n a t e d   p o l y e p o x y   c o m p o u n d s   d e r i v e d   f rom  b i s p h e n o l s  

such   as  t h a t   s o l d   u n d e r   t h e  t r a d e   name  "DRH  1 5 2 "  

( S h e l l ) .   O t h e r   p o l y e p o x y   c o m p o u n d s   w h i c h   may  be  c u r e d  

i n c l u d e   f l e x i b l e   p o l y e p o x y   c o m p o u n d s   ( s u c h   as  t h a t   s o l d  

u n d e r   t he   t r a d e   name  E p i k o t e   8 7 2 ) ;   H y d a n t o i n   b a s e d  

p o l y e p o x y   c o m p o u n d s   ( s u c h   as  t h a t   s o l d   u n d e r   t he   t r a d e  

name  MS6064  by  C i b a - G e i g y ) ;   E p o x y   a c r y l i c s   ( s u c h   a s  

t h o s e   s o l d   u n d e r   the  t r a d e   name  E p i r e z   5027  and  50727  by  

C e l a n e s e ) ;   p o l y e p o x i d e s   d e r i v e d   f rom  p o l y o l s   [ e . g .  

g l y c e r o l   t r i g l y c i d y l  e t h e r   as  s o l d   u n d e r   the   t r a d e   name  

G-1701   ( G r i l o n i t )   and  S o r b i t o l   p o l y g l y c i d y l   e t h e r   s o l d  

u n d e r   t he   t r a d e   name  EX  612  ( N a g a s e ) ] ;   and  e p o x y  

n o v o l a k s   ( s u c h   as  t h a t   s o l d   u n d e r   the   t r a d e   name  DEN  4 3 1  

by  D o w ) .  



In  o r d e r   t h a t   t h e   i n v e n t i o n   may  be  w e l l   u n d e r s t o o d  

t h e   f o l l o w i n g   e x a m p l e s   a r e   g i v e n   by  way  of  i l l u s t r a t i o n  

o n l y .  

EXAMPLE  1 

( C o m p a r a t i v e   E x a m p l e )  

T a l l   o i l   f a t t y   a c i d s   ( 1 6 8 g )   and  d i m e r i s e d   f a t t y  

a c i d s   ( 1 6 8 g )   w e r e   c h a r g e d   to  a  5  l i t r e   f l a s k   f i t t e d   w i t h  

a  5  l i t r e   f l a s k  f i t t e d   w i t h   an  a n c h o r   s t i r r e r ,   n i t r o g e n  

i n l e t   and  t h e r m o m e t e r .   The  t e m p e r a t u r e   was  r a i s e d   t o  

1 0 0 ° C   and  a d i p i c   a c i d   ( 3 9 4 g )   a d d e d .   a f t e r   w h i c h   t h e  

b a t c h   t e m p e r a t u r e   was  r a i s e d   to  1 5 0 ° C .   T r i e t h y l e n e  

t e t r a m i n e   ( 9 6 0 g )   was  a d d e d   o v e r   a  p e r i o d   of  30  m i n u t e s ,  

t h e   t e m p e r a t u r e   b e i n g   m a i n t a i n e d   a t   150°C .   At  t he   e n d  

of  t h e   a d d i t i o n ,   t h e   t e m p e r a t u r e   was  r a i s e d   to  240°C  a n d  

t h e   b a t c h   h e l d   a t   t h i s   t e m p e r a t u r e   f o r   a  p e r i o d   of  f o u r  

h o u r s ,  w a t e r   of  r e a c t i o n   b e i n g   a l l o w e d   to  e s c a p e   f r o m  

t h e   f l a s k .  

The  b a t c h  w a s   c o o l e d   to  200°C  and  v a c u u m   a p p l i e d   t o  

r e m o v e   any   w a t e r   r e m a i n i n g .   A f t e r   c o o l i n g   to  140°C  t h e  

b a t c h  w a s   t h i n n e d   to  a p p r o x i m a t e l y   60%  n o n - v o l a t i l e s   i n  

x y l o l .  



The  p r o d u c t   had  an  a m i n e   v a l u e   of  220  m g K O H / g .  

EXAMPLE  2 

The  p r o c e d u r e   of  E x a m p l e   1  was  r e p e a t e d   u s i n g  

i s o p h t h a l i c   a c i d   ( 4 4 8 g )   in  p l a c e   of  a d i p i c   a c i d .  

The  p r o d u c t   had  an  a m i n e   v a l u e   of  215  m g K O H / g .  

-   EXAMPLE  3 

D i m e r i s e d   f a t t y   a c i d s   ( 1 1 2 g )   and  i s o p h t h a l i c   a c i d  

( 1 3 2 . 8 g )   w e r e   c h a r g e d   to  a  1  l i t r e   f l a s k   and  h e a t e d   t o  

1 3 0 ° C .   T r i e t h y l e n e   t e t r a m i n e   ( 1 6 0 g )   was  a d d e d   o v e r   a  

p e r i o d   o f  1 5   m i n u t e s ,   a f t e r   w h i c h   t h e   t e m p e r a t u r e   w a s  

r a i s e d   to  2 4 0 ° C .   A f t e r   a  p e r i o d   of  t h r e e   h o u r s   a t   2 4 0 ° C  

the   b a t c h   was  c o o l e d   to  220C  and  25"  vacuum  a p p l i e d   f o r  

a  p e r i o d   of  one  h o u r .   The  h i g h   m e l t i n g   p o i n t   r e s i n  

o b t a i n e d   was  c o o l e d   to  a p p r o x i m a t e l y   160°C  a t   w h i c h  

p o i n t   i t   was  t h i n n e d   to  a p p r o x i m a t e l y   60%  s o l i d s   b y  t h e  

s l o w   a d d i t i o n   of  b u t a n o l .  

The  r e s i n   had  an  amine   v a l u e   of  350  m g K O H / g .  

EXAMPLE  4 

The  p r o c e d u r e   of  E x a m p l e   2  was  r e p e a t e d   u s i n g  



d i m e t h y l   t e r e p h t h a l a t e   ( 5 2 4 g )   in  p l a c e   of  i s o p h t h a l i c  

a c i d .  

The  p r o d u c t   had  an  a m i n e   v a l u e   of  2 2 5 m g K O H / g .  

EXAMPLE  5 

A  p o l y a m i d e   was  made  f o l l o w i n g   t he   p r o c e d u r e   o f  

E x a m p l e   3  u s i n g   t a l l   o i l   f a t t y   a c i d s   ( 4 4 g )   d i m e r i s e d  

f a t t y   a c i d s   ( 6 3 4 g ) ,   i s o p h t h a l i c   a c i d   ( 8 3 g )   and  4 4 '  

d i p h e n y l   e t h e r   d i - c a r b o x y l i c   a c i d   ( 1 2 9 g )   a n d  

t e t r a e t h y l e n e   p e n t a m i n e   ( 4 5 6 g ) .  

The  p r o d u c t   was  s o l u b l e   in  x y l o l   and  had  an  a m i n e  

v a l u e   of  3 0 0 m K O H / g .  

EXAMPLE  6 

A  p o l y a m i d e   was  made  f o l l o w i n g   t he   p r o c e d u r e   o f  

E x a m p l e   3  u s i n g   d i m e r i s e d   f a t t y   a c i d s   ( 3 3 6 g ) .  

i s o p h t h a l i c   a c i d   ( 3 3 . 2 g ) ,   d i p h e n i c   a c i d   ( 4 8 . 4 g )   a n d  

d i e t h y l e n e   t r i a m i n e   ( 1 4 4 g ) .  

The  p r o d u c t   was  s o l u b l e   in   x y l o l   and  had  an  a m i n e  

v a l u e   of  2 0 8 m K O H / g .  



EXAMPLE  7 

The  p r o c e d u r e   of  E x a m p l e   3  was  r e p e a t e d   u s i n g  

d i m e r i s e d   f a t t y   a c i d s   ( 1 1 2 g ) ,   a z e l a i c   a c i d   ( 3 7 . 6 g ) ,  

i s o p h t h a l i c   a c i d   ( 9 9 . 6 g )   and  d i e t h y l e n e   t r i a m i n e  

( 1 0 5 g ) .   The  p r o d u c t   had  a  m e l t i n g   p o i n t   of  100°C  and  a n  

amine   v a l u e   of  195mgKOH/g  and  was  s o l u b l e   in  b u t a n o l .  

EXAMPLE  8 

A  c u r i n g   a g e n t   was  made  f o l l o w i n g   the   p r o c e d u r e   o f  

E x a m p l e   3  u s i n g   t a l l   o i l   f a t t y   a c i d s   ( 5 6 g ) ,   d i m e r i s e d  

f a t t y   a c i d s   ( 2 2 4 g ) ,   i s o p h t h a l i c   a c i d   ( 8 3 g )   a n d  

d i e t h y l e n e   t r i a m i n e   ( 1 0 3 g ) .  

The  p r o d u c t   had  an  a m i n e   v a l u e   of  120mgKOH/m  and  a n  

a c i d   v a l u e   of  8 .0   m g K O H / g .  

EXAMPLE  9 

The  p r o c e d u r e   of  E x a m p l e   3  was  r e p e a t e d   u s i n g  

d i m e r i s e d   f a t t y   a c i d s   ( 1 6 8 g ) ,   i s o p h t h a l i c   a c i d   ( 1 1 6 . 4 g ) ,  

e t h y l e n e   d i a m i n e   ( 1 2 g ) ,   and  d i e t h y l e n e   t r i a m i n e   ( 8 2 . 4 g ) .  

The  s o l i d   r e s i n   had  an  a m i n e   v a l u e   of  128mgKOH/g,   a n  

a c i d   v a l u e   of  10.6   mgKOH/g  and  a  m e l t i n g   p o i n t   of  1 1 0 ° C .  



EXAMPLE  10  

( C o m p a r a t i v e )  

A  p o l y a m i d e   was  made  a c c o r d i n g   to  E x a m p l e   7  o f  

B r i t i s h   P a t e n t   S p e c i f i c a t i o n   No.  7 8 9 , 1 0 8   f r o m   d i m e t h y l  

t e r e p h t h a l a t e   ( 9 7 g )   and  t r i e t h y l e n e   t e t r a m i n e   ( 7 3 g ) .  

The  p r o d u c t   was  t h i n n e d   to  70%  n o n - v o l a t i l e   in   b u t a n o l  

and   had  an  a m i n e   v a l u e   of  270  m g K O H / g .  

EXAMPLE  11  

( C o m p a r a t i v e )  

A  c u r i n g   a g e n t   was  made  a c c o r d i n g   to  t h e   p r o c e d u r e  

of  E x a m p l e   3  f r o m   d i m e r i s e d   f a t t y   a c i d s   ( 4 9 4 g ) .  

i s o p h t h a l i c   a c i d   ( 1 6 . 6 g )   and  t r i e t h y l e n e   t e t r a m i n e  

( 2 0 9 g ) .  

The  p r o d u c t   had  an  a m i n e   v a l u e   of  215  m g K O H / g .  

S o l u t i o n s   of  t he   p o l y a m i d e s   of  E x a m p l e s   1-9  w e r e  

made  in   t h e   a p p r o p r i a t e   s o l v e n t s ,   e i t h e r   x y l o l   o r  

b u t a n o l   o r  m i x t u r e s   t h e r e o f .   In  a d d i t i o n   to  E x a m p l e   1  a 

s o l u t i o n   of  a  c o m m e r c i a l l y   a v a i l a b l e   p o l y a m i d e   b a s e d   o n  

d i m e r i s e d   f a t t y   a c i d s   ( V e r s a m i d   115X)  was  u s e d   as  a  

c o m p a r a t i v e   e x a m p l e .  



T h e s e   s o l u t i o n s   were   t h e n   u s e d   to   c u r e   v a r i o u s  

p o l y e p o x y   c o m p o u n d s ,   m i x i n g   r a t i o s   w e r e   d e t e r m i n e d   f r o m  

t h e   a m i n e   v a l u e   of  t he   p o l y a m i d e   and  t h e   o x i r a n e   v a l u e  

of  t h e   p o l y e p o x y   c o m p o u n d ,   a  s l i g h t   e x c e s s   (5%)  of  t h e  

e p o x y   compound   b e i n g   u s e d .   A f t e r  m i x i n g   t h e   s o l u t i o n s  

w e r e   e a c h   t h i n n e d   to  3  p o i s e   w i t h   a  3 : 1   x y l o l / b u t a n o l  

m i x t u r e ,   and  a p p l i e d   to  g l a s s   p a n e l s   w i t h o u t   p r e - a g e i n g  

u s i n g   an  0 . 0 0 4 "   a p p l i c a t o r .   The  r e s u l t s   o b t a i n e d   a r e  

shown  in  T a b l e   1 .  

T a b l e   II  c o m p a r e s   t he   p r o p e r t i e s   of  c o a t i n g s   b a s e d  

on  c u r i n g   a g e n t s   of  t he   i n v e n t i o n   w i t h   t h o s e   of  t h e  

p r i o r   a r t .   W h i t e   g l o s s   f i n i s h e s   w e r e   p r e p a r e d   u s i n g  

E p i k o t e   828  as  t he   c o - r e a c t a n t .   They   w e r e   p i g m e n t e d  

w i t h   r u t i l e   t i t a n i u m   d i o x i d e   RCR  2  to  g i v e   a 

p i g m e n t : b i n d e r   r a t i o   of  0 . 8 : 1 .   They  w e r e   t h i n n e d   t o  

g i v e   a  v i s c o s i t y   of  4 . 0   p o i s e   w i t h   b u t a n o l   and  a p p l i e d  

w i t h o u t   p r e a g e i n g   to  b u r n i s h e d   s t e e l   p a n e l s   to  g i v e   a 

d r y   f i l m   t h i c k n e s s   of  the   o r d e r   of  30  m i c r o n s .   T e s t s  

w e r e   c a r r i e d   out   a f t e r   7  days   a i r   d r y .  







1.  A  p o l y a m i d e   c o n t a i n i n g   f r e e   amino   g r o u p s   a n d  

s u i t a b l e   f o r   u s e   as  a  c u r i n g   a g e n t   f o r   p o l y e p o x y  

c o m p o u n d s ,   c h a r a c t e r i z e d   in   t h a t   t h e   p o l y a m i d e   i s  

d e r i v e d   f r o m   (a)   a  p o l y b a s i c   a c i d   c o m p o n e n t   c o m p r i s i n g  

p o l y m e r i c   f a t t y   a c i d s   t o g e t h e r   w i t h   f r o m   10  to  90  m o l e  

%,  b a s e d   on  t h e   a c i d   c o m p o n e n t   of  one  or  more   a r o m a t i c  

d i c a r b o x y l i c   a c i d s   c o n t a i n i n g   two  c a r b o x y l i c   a c i d   g r o u p s  

and   a t   l e s t   one  b e n z e n e   r i n g ,   e a c h   c a r b o x y l i c   a c i d   g r o u p  

b e i n g   d i r e c t l y   l i n k e d   to  a  b e n z e n e   r i n g ,   and   (b)  a  

p o l y a m i n e   c o m p o n e n t   c o n t a i n i n g   a t   l e a s t   50  m o l e   %  of  o n e  

or  m o r e   a l i p h a t i c   p o l y a m i n e s   c o n t a i n i n g   a t   l e a s t   t h r e e  

a m i n o   g r o u p s   p e r   m o l e c u l e .  

2.  A  p o l y a m i d e   as  c l a i m e d   in   c l a i m   1.  c h a r a c t e r i z e d   i n  

t h a t   t h e   a r o m a t i c   d i c a r b o x y l i c   a c i d   i s   i s o p h t h a l i c   a c i d ,  

t e r e p h t h a l i c   a c i d ,   d i p h e n i c   a c i d   or  d i p h e n y l   e t h e r -  

4 , 4 ' - d i c a r b o x y l i c   a c i d .  

3.  A  p o l y a m i d e   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   p o l y b a s i c   a c i d   c o m p o n e n t   a l s o  

c o n t a i n s   up  t o   50  mo le   %  of  one  or  more   of  a l i p h a t i c  

d i c a r b o x y l i c   a c i d s .  



4.  A  p o l y a m i d e   as  c l a i m e d   in  any  one  of  t h e   p r e c e d i n g  

c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   t h e   a l i p h a t i c   p o l y a m i d e  

has  t h e   f o r m u l a :  

in  w h i c h   R  is   an  a l k y l e n e   r a d i c a l   ( e s p e c i a l l y   a  

m e t h y l e n e   or  e t h y l e n e   r a d i c a l )   a n d  n   is  an  i n t e g e r   o f  

f rom  1  to  6 .  

5.  A  p o l y a m i d e   as  c l a i m e d   in  any  one  of  t h e   p r e c e d i n g  

c l a i m s   c h a r a c t e r i z e d   in  t h a t   i t   has   an  a m i n e   v a l u e   o f  

f rom  100  to  400  mgKOH/mg.  

6.  A  p o l y a m i d e   as  c l a i m e d   in  any  one  of  t h e   p r e c e d i n g  

c l a i m s   c h a r a c t e r i z e d   in  t h a t   i t   has  an  a c i d   v a l u e   o f  

f rom  0  to  20  m g K O H / g .  

7.  A  p r o c e s s   f o r   t he   p r o d u c t i o n   of  a  c u r e d   r e s i n o u s  

p r o d u c t   by  r e a c t i n g   a  p o l y a m i d e   w i t h  a   p o l y e p o x y  

compound   c h a r a c t e r i z e d   in  t h a t   t he   p o l y a m i d e   is  a  

p o l y a m i d e   as  c l a i m e d   in  any  one  of  t he   p r e c e d i n g   c l a i m s .  

8.  A  c u r a b l e   c o m p o s i t i o n   c o m p r i s i n g   a  p o l y a m i d e  

t o g e t h e r   w i t h   a  p o l y e p o x y   c o m p o u n d ,   c h a r a c t e r i z e d   i n  

t h a t   t h e   p o l y a m i d e   is  a  p o l y a m i d e   as  c l a i m e d   in  any  o n e  

of  c l a i m s   1  -   6 .  
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